The prevalence of Salmonella from numerous sources in 32 integrated broiler operations of high-and low-performing broiler houses was characterized from four states across four seasons. Previous studies of Salmonella in broilers have been limited in scope, offering only a snapshot of pathogen prevalence as seen on a small number of individual farms. Twenty-six different sample types were collected from the hatchery to the end of processing, and Salmonella was found in all sample types. A total of 10,740 samples were analyzed for Salmonella, and 973 (9.1%) of these samples, including 49 of 798 (6.1%) carcass rinse samples, were Salmonella positive. Hatchery transport pads (389 of 765, 50.8%), ies (28 of 150, 18.7%), drag swabs (57 of 402, 14.2%), and boot swabs (20 of 167, 12%) were samples from which Salmonella was most frequently isolated. Thirty-six different serotypes were identi ed, and the most frequently encountered serotypes were Salmonella Senftenberg, Salmonella Thompson, and Salmonella Montevideo. Determining critical contaminating sources and following the movement of Salmonella through integrated poultry operations will help researchers and the industry develop practical intervention strategies.
Control of Salmonella is complicated, because there are numerous potential sources of Salmonella contamination in an integrated poultry operation, including chicks, feed, rodents, wild birds, insects, transportation, farm environment, and processing plant environment. All sources of Salmonella are potentially important, but it is important to be able to characterize the relative importance of the different sources under speci c management and environmental conditions. There are many factors that can in uence the relative importance of various sources of Salmonella; these include (i) age of the chicken; (ii) survival through the gastric barrier; (iii) competing bacteria in the intestinal tract; (iv) availability of a hospitable colonization site; (v) nature of diet; (vi) physiological status of the chicken; (vii) health and disease status of the chicken; and (viii) medication effects, which will in uence the potential colonization of chickens with Salmonella.
Previous studies (1, 7, 13) have concluded that the hatchery may be the most important source of contamination, regardless of grow-out conditions, for two reasons: (i) the newly hatched chick is more susceptible to colonization than older birds, and (ii) chicks are often exposed to Salmonella in the hatchery. Milner and Shaffer (17) rst observed that colonization of chicks was dose-dependent and varied with day of challenge. They found that 1-day-old chicks could be colonized with less than ve cells of Salmonella and that later colonization was irregular and required higher doses of Salmonella. Cox et al. (9) found that after cloacal challenge, chicks were colonized with only two cells of Salmonella. Two-week-old chicks have a mature gut micro ora (6) and are thus more resistant to intestinal colonization by salmonellae. Bailey et al. (2, 4) demonstrated that a single Salmonella-contaminated egg could substantially contaminate other eggs and chicks in a hatching cabinet. Cox et al. (8, 10) showed substantial Salmonella contamination of egg fragments, belting material, and paper pads in commercial hatcheries, indicating many opportunities for contamination of newly hatched chicks. Two studies looked at commercial hatcheries and found 5 to 9% of 1-day-old chicks to be salmonellae positive (15, 16) .
Other researchers have concluded that the grow-out environment may be the most important source of the Salmonella serotypes found at slaughter. Lahellec and Colin (16) observed that Salmonella serotypes originating in the hatchery were less important in the nal product than those present in the house or those introduced into the house by vectors during rearing. Bailey et al. (3) and Blankenship et al. (7) found that the environment was the primary source of contaminating Salmonella in chicken houses not treated with competitive exclusion micro ora.
Other sources have been implicated in the proliferation and spread of Salmonella in the chicken industry. Erwin (12) rst recovered viable Salmonella from commercial poultry feed, and since that time, the role of feed and feed ingredients in the spread of Salmonella through the poultry industry has received a great deal of attention. Less than one Salmonella per g of feed has been shown to establish colonization in 1-to 7-day-old chicks (19) . Therefore, under some conditions, feed can be an important source of Salmonella. However, others, including Goren et al. (13) in a study involving over 8 million broilers, have shown that serotypes of Salmonella found on nal processed carcasses were found from hatchery samples but not from feed samples. Rodents, particularly mice, have been implicated in the spread of Salmonella Enteritidis, particularly in the layer industry (14) .
Previous studies of Salmonella in poultry have been limited in scope, offering only a snapshot of pathogen prevalence as seen on a small number of individual farms. The objective of this study was to determine the relative importance of all known sources of Salmonella from the hatchery through growout and processing in high-and lowproduction ocks from four integrated operations located in four states across four seasons.
MATERIALS AND METHODS
Flock location and husbandry conditions. The participating companies were located in Alabama, Arkansas, California, and Georgia, respectively, and were randomly coded A through D. Each company provided a rearing house on two different farmsone with a history of high broiler-growth performance, the other associated with low performance. At each of the sites, separate broiler ocks were studied during the spring, summer, fall, and winter of 1998-a total of eight ocks per company. To offset seasonal variability from one part of the country to another, seasons for all locations were de ned as ''spring'': March, April, and May; ''summer'': June, July, and August; ''fall'': September, October, and November; and ''winter'': December, January, and February. Because some of the trials crossed from one season to another, the season was listed as the one in which the majority of the trial took place.
Each broiler ock was comprised of approximately 20,000 birds, involving an ''all-in, all-out'' stocking policy with a rearing period of 6 weeks for companies A, C, and D and 7 to 8 weeks for company B. Drinking water for the birds was obtained from a chlorinated main supply, a nonchlorinated well, or both. In most cases, the litter on which the birds were kept was fully removed annually, when cleaning and disinfection of the houses were carried out. At other times, the top layer of used litter was removed (''decaking'') and replaced with a layer of fresh litter (''top dressing''). By contrast, the houses of producer in state C were emptied and fully cleaned and disinfected between ocks or for every alternate ock. To increase ventilation during hot weather, the houses were partially opened to the outside, and, where required, water sprays were used to provide evaporative cooling.
All producers operated a rodent control program; however, little use was made of disinfectant foot baths, apart from the producer in state C, who also made available clean, dedicated footwear. Most of the farms, except for that of the producer in state C, were close to other livestock, which sometimes had access to the site, while dogs, cats, or both were present on all farms, except for the producer in state C.
Conditions of processing.
All the processing plants were modern, highly mechanized operations that processed up to 7,000 carcasses/h. After scalding, plucking, and evisceration, the carcasses were spray washed and chilled in counter ow, water-immersion chillers. The input water to the chiller contained up to 50 mg/liter of free available chlorine.
Sample handling. All samples from both farms and processing plants were collected on each occasion within 1 to 2 h and transferred to insulated boxes containing ice packs for overnight transport to the laboratory. Whenever samples were collected and delivered on the same day, the samples were held under refrigeration overnight to ensure uniformity of sampling among farms. All samples were processed within 36 h of collection.
Sampling at placement. Samples taken at day of placement were paper pads (25), water line swabs (6), water cup/nipple swabs (6) , litter (6), feeders (2), feed hoppers (2), wall swabs (2), fan swabs (2) animal feces (2 if available), and wild-bird feces (4 if available). The paper pads were removed from the transport trays after the birds were put in the house and placed into ziplock bags. The water line and water cup swabs were collected by using four or ve sterile cotton-tipped applicators and inserting the applicators into the water line at the ends of the line or by swabbing the drinking nipples or cups, making sure that the swabs were moistened by the water. The applicators were then placed in sterile whirl-pac bags. Litter, feed, feed hoppers, and dirt samples consisted of aseptically collected 50-to 100-g amounts of the dry material placed into a sterile whirl-pac bag. Wall swabs, fan swabs, and boot swabs were collected by premoistening 4 by 4in. gauze pads with sterile buffered peptone water (BPW; Difco, Becton Dickinson, Sparks, Md.) and then swabbing approximately 100 cm 2 for the wall and fan swabs and both boots of the farm and hatchery personnel. The drag swabs were from a commercial source (Bio-spo, Solar Biologicals, Ogdensburg, N.Y.) and were collected by dragging straight down one side of the house, zigzagging up the middle of the house, and straight down the other side of the house. The drag swabs were then placed into sterile whirl-pac bags. As many insects as possible were collected inside and outside, sorted by the types and origins, and placed into sterile whirl-pac bags. Standing water was collected into sterile 50-ml disposable centrifuge tubes. Animal feces, where available, were collected by placing approximate 50 to 100 g into sterile whirl-pac bags. Wild-bird feces, where available, were collected by placing droppings into sterile whirl-pac bags.
Sampling at weeks 2, 4, 6, and 8. Samples taken at weeks 2, 4, 6, and 8 were fecal droppings (25), cecal droppings (5 if available), rodent samples (2 to 4 if available), water line swabs (6), water cup and nipple swabs (6), litter (6), feeders (2), feed hoppers (2), wall swabs (2), fan swabs (2), drag swabs (3), insects (2 inside and 2 outside if available), y strips (2) (Quick Strike, Sandos Agro, Inc., Des Plaines, Ill.), boot swabs (3 if available from farm workers), dirt sample (1), standing water (1 if available), animal feces (2 if available), and wild-bird feces (4 if available). Fresh fecal droppings were aseptically collected into 50-ml disposable centrifuge tubes. The cecal droppings were sampled by dipping two or three sterile cotton-tipped applicators into the cecal dropping. The applicators were then placed into sterile whirl-pac bags. The mice were collected using Victor Tin Cat repeating mouse traps (Woodstream Corp., Lititz, Pa.) baited with apple halves and peanut butter. The traps were set no more than 72 h before sample collection. The mice were killed by cervical dislocation and placed into sterile whirl-pac bags before transporting to the laboratory. The y strips were placed at the time of bird placement by hanging from the ceiling joists with a ziplock bag stapled to the strip for use as a collection bag. The ies were removed from the bags on the appropriate sample day and placed FIGURE 1. Prevalence of Salmonella by season for all sample types and locations. Summer 5 June, July, and August; fall 5 September, October, and November; winter 5 December, January, and February; and spring 5 March, April, and May.
FIGURE 2. Prevalence of Salmonella for all sample types from *high-and **lowproduction locations. * Top 25% of producers as measured by feed conversion and weight gain. ** Bottom 25% of producers as measured by feed conversion and weight gain.
into sterile whirl-pac bags. The remaining samples were collected according to the protocol used at placement.
Sampling at processing plants. Samples taken at time of processing were pretransport coop swabs (10), posttransport coop swabs (10), prescald water (5), postscald water (5), prechill water (5), postchill water (5), and postchill carcass rinses (25). The pretransport coop swabs were collected on the farm before loading the coops by swabbing approximately 300 cm 2 of the bottom surface of the transport coops with 4 by 4-in. gauze swabs premoistened with BPW. The swabs were then placed into sterile whirlpac bags. The posttransport coop swabs were collected at the plant after the birds were removed from the coops using the same protocol as for the pretransport coop swabs. The prescald water samples were collected in 100-ml sterile specimen cups by removing approximately 100 ml of water from the scald tanks before birds entered the tank. The postscald water samples were collected in the same manner as the prescald after the birds had been run through the scald tanks. The prechill water samples were collected in specimen cups from the chill tank prior to birds entering the tank. The postchill water samples were pulled in the same manner after the birds had been removed from the tank. The carcass rinse samples were collected by placing a carcass into a Cryovac bag (Cat. no. B340; Cryovac, Duncan, S.C.), adding approximately 100 ml of sterile distilled water (11) , vigorously shaking for 60 s, and pouring the rinse water into a sterile specimen cup. All samples were stored and shipped as previously described.
Sample preparation.
Five hundred milliliters of BPW was added to each paper pad sample. The paper pads were kneaded and macerated by hand for 1 min. Five milliliters of BPW was added to all samples collected with cotton-tipped applicators. The samples were blended by stomaching for 30 s, and 1 ml of the sample was then placed into 9 ml of BPW. Ten milliliters of BPW was added to all samples collected with gauze pads or commercially prepared drag swabs. The samples were blended for 30 s, and 1 ml of the sample was placed into 9 ml of BPW. Ten grams each of all bulk samples was weighed out and placed into sterile specimen cups; 90 ml of BPW was added to the cup, and the sample was vortexed for approximately 15 s. Fecal droppings were weighed, then transferred to sterile specimen cups preenriched in 9 ml BPW/g feces. The water samples and carcass rinse samples were measured, and an appropriate amount of 103 BPW was added to bring the dilution to a 13 strength. All samples were then incubated overnight at 378C. Sample enrichment. After overnight preenrichment, 0.1 ml of the samples was transferred into 9 ml of tetrathionate broth, Hajna (Difco, Becton Dickinson) prepared according to the instructions on the packaging. The tetrathionate broth was incubated for 24 h at 428C, and 0.1 ml was transferred into 9 ml of Rappaport-Vassiliadis broth (Difco, Becton Dickinson) prepared according to the instructions on the packaging. The Rappaport-Vassiliadis tubes were incubated overnight at 358C.
Isolation and detection.
The Rappaport-Vassiliadis enrichment tube samples were streaked on brilliant green (BG) sulfa (Difco, Becton Dickinson) with 15 ppm Novobiocin (Sigma Chemical Co., St. Louis, Mo.) added, xylose lactose tergitol 4 (XLT4; Difco Laboratories, Detroit, Mich.), and modi ed lysine iron agar (MLIA; Oxoid Inc., Ogdensburg, N.Y.) with 15 ppm Novobiocin agar plates. The plates were incubated overnight at 358C. Two typical colonies were picked to triple sugar iron (Difco, Becton Dickinson) and lysine iron agar (Oxoid) slants, which were 
RESULTS AND DISCUSSION
A total of 10,740 samples from 20 on-farm and 6 transport or processing plant locations were tested for presence and serotype of Salmonella. For the four integrated operations, the sample types with the greatest frequency of Salmonella (Tables 1 and 2) were paper pads (50.8%), y strips (18.7%), drag swabs (14.2%), and boot swabs (12%). All 26 sample types had some Salmonella-positive samples. Overall, on-farm samples were 9.8% positive for Salmonella, with a range from 5.2% for integrator A to 13.4% for integrator D ( Table 1 ). The frequency of Salmonella recovery by sample time ( Table 2) showed that Salmonella was recovered from most sample types throughout the entire grow-out period. As would be expected, the highest recovery rates were found in feces, litter, and drag swabs. For insects, ies, mice, and many other sample types, it is often dif cult to determine if the chicken got the Salmonella from the sample or if the sample got the Salmonella from the chicken. For transport and processing plant samples (Table 3) , the range of Salmonella recovery was from 2.0% for integrator C to 9.6% for integrator B. No Salmonella was recovered from prechill water samples, so these data were not included in Table 3 .
The high frequency of recovery of Salmonella from ies (18.7%) is very interesting and suggests that ies may be an inexpensive and easy sample to screen houses and ocks for the presence of Salmonella. The high recovery rates of Salmonella from boot swabs (20 of 167, 12%) and the outside dirt (8 of 131, 6.1%) near the entrance doors to the houses show how easily movement and cross-contamination can occur and point out the need for an effective foot-bath system to help reduce this cross-contamination. Henzler and Opitz (14) and others have shown that in layer ocks, mice can harbor signi cant populations of Salmo-nella Enteritidis and may be a signi cant factor in the spread of this serovar. In this study, Salmonella was recovered from only 2 of 24 (8.3%) mouse rinses and 1 of 25 (4.0%) mouse entrails. The low recovery rates for mice suggest that the companies' rodent control programs were fairly effective and that the mice likely did not serve as the primary source of the Salmonella found on the processed carcasses. The recovery of Salmonella (10 of 731, 1.4%) from water lines suggests that under some conditions, Salmonella can form or be trapped in a bio lm layer in the water pipes or hoses.
Integrators participating in this study were from a wide geographical range; thus, the seasons were de ned by months rather than by temperature. The prevalence of Salmonella by season is shown in Figure 1 . For all seasons, a higher frequency of Salmonella recovered was found from on-farm samples compared to carcass rinse samples. Highest recovery rates were observed in the fall, followed by the winter, spring, and summer.
When high-production integrators were compared to low-production integrators (Fig. 2) , there was very little difference in the recovery of Salmonella from on-farm samples. However, when carcass rinse samples were compared, there was a greater than twofold difference (8.8% positive carcasses from low-production farms and 3.5% positive carcasses from high-production farms) that is dif cult to interpret. One possibility may be that even though there was little difference in the presence of Salmonella on the farm, the general health and condition that led to the increased feed conversion and weight gain of the high-production birds meant that there were lower levels of Salmonella present on these birds compared to those from the low-production houses. Recent studies (5, 20) have shown that when levels of Salmonella are low, the use of 40 to 50 ppm chlorine in the chill tank will reduce the rates of Salmonella coming out of the chill tank and processing plant.
From all sample types, there were 36 serotypes identi ed (Table 4 ). Twelve different serotypes were found on processed carcasses (Table 5 ). Of these, Salmonella Thompson was the most frequently identi ed serotype (29 isolates) followed by Salmonella Molade (4 isolates). Hatchery transport paper pads were the most frequently observed Salmonella-positive sample, and 9 of 12 serotypes found on processed carcasses were also found on paper pads. However, the most frequent serotype found on paper pads, Salmonella Senftenberg, was found primarily in one hatchery and only infrequently from on-farm samples during growout. A subsequent in-depth study of this hatchery showed that the Salmonella Senftenberg got on the paper pads in the hatchery through the air and did not usually result in colonized chicks. Salmonella Thompson was the second most frequently observed serotype from the hatchery and was frequently observed in feces, litter, and drag swab samples, indicating that signi cant colonization of chicks with this serotype likely occurred in the hatchery. Salmonella Molade was not found in the hatchery or in any on-farm samples, but it was found in the pretransport coop swabs, suggesting that the chickens likely picked up this serotype during transport from the farm to the processing plant. It is probable that the Salmonella Molade got into the transport coop from a previous ock that was being transported to the processing plant. These data are similar to observations by Rigby and Pettit (18) , who found that chickens placed in transport crates with a marker strain of Salmonella became both carriers and shedders of that organism. Ten different serotypes were identi ed from feed samples; however, on only one occasion was the same serotype found in the feed also found on the nal processed carcass. This observation is similar to that by Goren et al. (13) , who found that serotypes of Salmonella found in the hatchery were much more likely to be found on processed carcasses than were serotypes found in feed. Salmonella colonization of broiler chickens and subsequent spread through the integrated operation is complex. This multistate study examined all known potential sources of Salmonella across a full year's growout. Clearly, these data support the critical need to control Salmonella in the hatchery and in young chicks. Perhaps the most signi cant observation from this extensive survey is that Salmonella serotypes were recovered from all 26 different sample types. It is likely that no single intervention or Salmonella control strategy will consistently eliminate or signi cantly reduce Salmonella on the farm; therefore, multiple interventions to address different sources of Salmonella will need to be implemented to help control the entry and spread of Salmonella into the broiler operation from the almost ubiquitous presence of this organism throughout the industry.
